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PROBLEM TO BE SOLVED: To provide a tunnel magnetoresistance effect 
OTMR head, wherein there in no doubt that the enhancement of the 
performance of a TMR head is excellent, specially that the TMR head 
is excellent in corrosion resistance, a reduction in the rate of 
change of a TMR is little, an output from the head is high and the 
effect head can be' applied to an ultrahigh density record. 

SOLUTION: This head is a tunnel magnetoresistance effect head 1 
having a tunnel multilayer film 3 formed by laminating a tunnel 
barrier layer 30 and ferromagnetic free and pindo layers 20 and 30 
formed in such a way as to hold the layer 30 between them. The above 
layer 20 has integrally the major part, of the layer 20 which 
substantially constitutes one part of the film 3, and a front flux 
guide part 23 and a back flux guide part which are respectively 
provided extendedly in the front and the rear of this major part of 
the layer 20. The above guide part 23 constitutes one part of an ABS 
(air bearing surface) and the above layer 20 is constituted so that 
the widthwise length Lm of the major part of the layer 20 is set 
longer than the widthwise length Lf of the guide part 23 and the 
widthwise length Lb of the back flux guide part. 



http://127.0.0. 1 :4343/C:/APPS/EAST/cache/eas20040121 142707625.tmp?text_font=Courier... 1/21/04 



DOCUMENT-IDENTIFIER: JP 2001015826 A Page 2 of 2 

COPYRIGHT: (C)2001,JPO 



http://127.0.0.1:4343/C:/APPS/EAST/cache/eas20040121142707625.tmp?text_font=Courier.. 



1/21/04 



(19)B#H&fW (JP> (12) & ffl ^ & (A) UDftttttW&MW 

#^2001-15826 
(P2001-15826A) 
(43)&§BB ¥^13^ 1/319B (2001. 1.19) 



(51) Into. 7 lafJE^ FI ?-7a-r(##) 

H0 1L 43/08 H0 1L 43/08 Z 5D0 3 4 

G 1 1 B 5/39 G 1 1 B 5/39 



SSEBi* W*3S©ai8 OL (£13H) 



(21)t«S#^ 


4MFF1 1-188472 


(7DWSA 


000003067 










(Mima 


¥J£11¥7/!2B(1999.7.2) 




jftSCfP+JfeK B *fiS 1 Tl 13# l n 






(72)5SW# 










«^**KB**-TB13#1# f-f 














(72)58W« 










JlOT**KB**-TB13#l*?- 5V 














(74)«MA 


100098006 








#a± mffl wis,) 








**Htett< 



(54) hy^bmsmmm^yv 



(57) [g^3 

[KB] TMR-Vy Ktttt&ftJ:, W£, MtfetttCff 
ft* ,1 fi i J: 9 , TM RJEft*OfiT*«i!«Sr < , ^ 

y Ymmmztuz h y*>vmm^-t% y y*)vm 
%mrnmiL^ ? y x-h ~> x . mwrnm? o -* u . 

Si:£-#ttfc*U |rrte7Pyh79-y-?X^ F« 
ii s ABS (Air Bearing Surface) cry— g&SrJfflgU 
1*127 'J -«iKa5**:fr|6|53 L«{±, 7D>h77 
■y ? K«a(Kfrffl0Jl 5 L f fc A' -y ? 7 7 v ?X 

#4 T t «50«*mftSLbJ:_ l 3fc*<|«gSfi4J:dfc: 



i 

/ 




ABS 



FIG.1 



01/21/2004, EAST Version: 1.4.1 



1 

imtt. o iz iTB&ztitimmy y -m t sssittt" 
y mmmzntz f y*/n^MR£**s f >*m 

mmm&y y -m\t. f y^mm<?)-mitnm 
\,zmmh y y -mzmut , zoy y -m±m^m 

mz*ti?wmi*tihyuvhy7v7x*}4 Fgflh 

A 7 ? 7 7 v ? Xtf-f Fgflfc U 
1*127 D>-|- 77 -y?X;(H ABS (Air Bear 

ing Surface) (0— S: fllftSi U , 
frlB7U-B±Sg|5£73e^|B|*$Lm(i, 7UVh77 
>x ? X^'-Y KgP(7)||^r[Sj^*S Lf fcA«y 

t mmt ? h f y^mn&mmsL^ y v . 
.11*3.2 ] muy u~m±m^co^m^zmfd.h 

nmz h y*>vmmwmtix%mm 1 tiess 
co h y *>imM&ijm$m^ -y f . 

2izmcDhy*>\swmm%w^y h. 
[i«*ja4 ] mneaaffi k v F«<o«*m«s l p 

« s 7nyh777h^ Fgf<0«l*-|6l<0^Lffc 

* L^fr&h VMi Lf J; 0 1** < . **oWE7 y -m 
Hm^^lTft&Z Li J: 0 <RS6§frC4» 0 , 

irfMte try vmnyn yhy?v?z#A fsp^« 

*I«SS i 0 i&#C^EfJ Lfc*§ D ( D = ( Lp - L 
f)/2)tt. OSD^O. lSAtmTftsa^Bl^f 

v > Lit *i| 3 w vjvuWclMa f >-*;W8&ig#iJ»3i 
mm. 5 ] friea^tt t> *m<miTfo&2 l p 

1 < . *oWE7 'J -«±B«OlI;frl«!l*S L.J: 

f[ie5S!ittb-yFe07DyF75y^X^ F'ttttll 
*(«lSa5 J 0 t*^lcOffl Lfc*3 D ( D = ( Lp - L 
f)/2)ti. 0<D^0. 1 5*tmT**l»*3!ll4 

uimbr 3 >-rn*HciE«{« f y*)\smmfiL®% 
imme ] mmmtvy pji off#Mt«< l p 

Hirieaatth-y FJi^7ny f 7 9 •>/ ? xjtM Fason 
^ftSSffJ: 9 fc*#tseaj L-fcJIS D ( D = ( lp - L 

f)/2)«i. 0. 05AimS<DS0. 15/imt» 

* n$g 1 ^ * lik&a 3 wftLfr£tm,n f y*^ 



(2) #HB2 0 0 1-1 5 826 

2 

®Hyuyh7<7'/?ztf4 mam 

% (ABS(CM#A) A^H^ 0. 0 1-0. 3// 
mT&SfS l &v * Llf «S 6 <ov Yf *ia»fciea<o b 
y*;H3mSJ^mi!^y F. 

im$%8] miby^^nmt. smhy^^ 

kwmiz®&2tix%hmm 1 b^immm^ 
■ftiMzwm f y*>v®msmm.^v f . 

^^Jf^£7)ifl^|6]fc 7 d >• F . 7 o 

iwhw Ymm^-k-ms^zmimmtc 

Lx *WWfc8^Six£4*c0^ F*«flS»^"C«8E4J 

20 .i, ^<ki>-^^-^FJi.:«aSfLT^Sfl* 
•y F. 

c^*« 1 1 ] fri5«iitt7 y -«ct) 7 y 

tmLXBw.ztL. fr-om&mwy Ymvmnwt® 
m3^tm^mi oco^-mMzimcohy^m^ 

30 imsmi2l BulS-S»^-XG{i s 0. 0 2m 

m&±x'h mm 1 1 izmstco f y*mmmi$: 

S^-yF*. 

[ff*«13] Mle-S<?)X^-XGii. 0. 0 2j« 

mjjLho . 3 w mvxrxh^mm 1 1 fcteiKo ^ 

[|f«Jll4] frie-^OT.^-T.Gii. 0. 02/* 
m J2Lh 0 . 15m m*)ir*) « N$3g 1 1 <=BR09 F y 

imm 5 ] iiis3i!Stt7 u-Jiwffsii, 2 0- 

40 5 0 0 A0ifflteRje§fl4l»*JItl ^V-»LI*^3H 1 4 
co\rfixi^zimcr> F y^HSMSSi^SS^v F. 

1 6 ] B!flS«^tt7 y -JRi, ^7 x U« 
^(synthetic ferrimagneDTfc^lf^fl 1 ^V^LIf* 
ill 5cO^-tilM^iaK«hy^H^fitjt^I»M^>y 
H. 

1 7 ] TX^ffll S^77ttf4i) 

wm 1 6 wi'tiMztffiico f v *^awu£«aftis 

50 \ 7 K. 



01/21/2004, EAST Version: 1.4.1 



(3) 

3 

[M^jfii 8j mEsm&vymwmftzvy-y 
ythtz#>o\z'>±ihmK miv&m&vy hi*> >• y 
y rmtm? z>wt %.ftcr>mizmmtix%zm 
i &u imm 1 7 wi^tiM^ h y*;n& 

[ISHJ^ffl&f^j]] 

[0001] 

^J^M^-y K (Magneto-Resistive tunnel Junction he 10 
ad) fc|SW&. #tC, SBifiSffJtattfcoSffl-CSS J: 5fc 

[0002] 

mimmSH&ti, (Anisotropic Magneto- 
Resistance: AMR) ^g^^li^t-yA/l^Spin-Val 

ve: symmzm-KMR-tyy-te. mmm<nm^\a 
mMzmsitzmw^imti z t * . 20 

AMR*y^8ci^-fc$AR/Rf±ig<. 1-3%S 

/Rli2~7%gJKfcffiv\ i«J:^fcJ:>j*v«t 
fc* y h />f V+i (Gbi ts/i n2 ) rtftmi&<rMfr\ft L * "T 

[0003] § «.fc:iBi«afmsic«-jBr* s^r 
sat * fe»fc* l v mm R-t y w s a 1 fci&tfr ^ * . 

-f&fc^ hy*;l«WfifiB»iR»^ (Magneto-Resist 30 
ivetunnel Junctions :MRTJ#>I> V>tiTMR£: tBftf 

ti. ztit>\±mmz'h&) izti\^zii, i2%&±a& 
3&TMR-feymi, sv-fey^t-ft^SiRiftfto-fey 

ifcttiofctffr'JT*'^ SB^DWiO-- 3t LTT 

fftttll. tthh. TMR-fcyHf-e-cOtO*^ JfJl$ 
<50JfS*T6»C«a[*aE-r, IWCPP (Current Pe 
rpendicular to the Plane) &ffi^W8BS£fcS*:tf>£ 40 
«c*li3KSat(r^^U^7 h**£oSfKdesign) 

[00 04] fc£*T, ■ftfc*ffl-lfc»B«i* t i->TV^ 
SSV*yf-(cKll,T«, WtifU.S.P. 5,159,513fcfE 
aSfiTH* i o fc, 2o^)3S«6tt«**-o^faW!W 
*^L-C«BltStLT^4fl|Jt*#r&. 3cWS ( F e M 

i. z\n-irx\ fflw«»ttw=i3ft*«ft:tt. so 



#^200 1-1 5826 

4 

1Mm»fc1G8 LX S E&fcSfrf 4 i t WZ'Z h i. 9 fc 

KWnsE-fci-i^. ^v^mmm^x. mm 

<b*AR/R«2~7%SKi:^5. 
[0 00 5] i<0J:d^:SV-kyi?UKii:TMR-fey-!f 
*t*Jfc*fc*6» TMR-fey-trflBitt, svtyti 

a«o*N»tt£iws:iewB-c*s v y*/w< y riifcS 

SiftifcriL fcJ:tf4:y**a£»«tt»o)^fcSE 
V>&. TMR-feytttfcv^T, r-y*/W\'D7J!£*rL 

!Sfc&&3*i. 2o^3*ia^ofiHI#R¥fT<tt§£\ 
hy*;l4K£««*»ifi<*0, Kv«^Sffi (high j 
unction resistance) s&^fcilS. .lilhteKfcffc. 2 

liia<&y. ffiV^-g-ffiJi (low junction resistanc 
e) tfft&fl*. 

[0006] TMR-t y+rm=f-) zmst^v mmzm 

fflL£ft*M#\ U.S.P. 5,729,410, U.S. P. 5.898,54 
7, U.S.P. 5,898,548. U.S.P. 5,901, 018$: i"fcfe$5§ 

tixm. ztitowmx'it. it LtSif Menfc 

IKffh, jBSaJKE»feS«-STMRSSSi^H<7)BB 

HT'*)&TMR«im^-y HiT^im^aiilTV^. 
[0007] 

< . mmmmizmmzi* & h y^ivmmm^ 

[0008] 

aatty ]<Ji*qiiisfiJt h y*^iBi *f 4 h y 
lit b y */i^«K<o-at^ swwtaiis-f %> ?v- 

Fi5(is ABS (Air Bearing Surface) CO — nflS'fli 

*U ^7y-J§±Sg?^fi^r^§Lm{i, 7oy 

7 y -ji±»afott»*awKci(iiB b y^/w< y ritfc i 



01/21/2004, EAST Version: 1.4.1 



(4) 

5 

mmm&ztix*:ix a testis . 

[00 1 03 **:* *JMBO»* LV^MCKt LT. ME 

[ 0 0 1 1 J 4fc. *mfrm l^BMt LT. ME 
i 0 i> /hS < l££$itT:fc 0 , ME3£8Ettb->- K«?>7 

SJLfcfiSD (D= (Lp - Lf) /2) fi. O^Dg 
0. 1 5/*mtiSr*Jt3tfll«S*i&. 
[00 12] *Jt. *SKB<0*F4U^JB«k LT. MB 
5fca«teyHJl»«*-|6i^SLp*i s 7nyh77-^ 
x#-f FfiW)li3rift|£S Lf J; *) < . *>oME7 

H 9 . WESMKtt t ^ vmco y a y b y ? y f 

•Od^lftDIWiOt^tcSSffitfcJISD (D= (L 20 
P- Lf) /2) ti. 0<DSO. 1 5//mt^SJ:3t 

[00 13] 4fc. *&BJO*f4LV«2:LT. ME 
&«tttVh"JI^1imK$Lpti;. 7Dyf-777^ 
K»a«nt*$ Lf J; 0 fc^c* < . a>oME7 
U-«±»Wc7Xi^n*l*S Lmi 0 fc/h3<R£»*l-C 

«O«*m«W«J:0t»sj*i}'tcSeffltJt*SD ( D= ( L 
p-Lf)/2)(i, 0. 05x<mg<DgO. 15//m 
i:**J:3fclftfc3*i.*. 30 
[ 0 0 1 4 ] 4 fc, *»5!4>*r * Lv LT , ME 
7uyyyy«;7xiJ4YU<r>Wn% (ABStfiitfr 
[6])«SH(i. 0. 0 1-0. 3jumf:5:4J:dlcaWS 

[00 1 5 3 4fc, *«SB<0»*LV^««t LT. ME 
T%h£oi,Zffi$L%iXh. 

[ 0 0 1 6 3 4£, *56fflOff * U^BKfc LT. ME 
-**0>1MBi. -^it-fit. 40 

fr&til^fljWT* (ABSfcSfcfirrt) #tW-f K 

il£4#WM K«»^T«SEi3J:t>'«JEc04^-5 

[ 0 0 1 7 3 4fc. *^hJO»4 LU<Si»fc LT, ME 

*u mimmy y w 7 7 9 ? 7 xtf-r f <m 
idcfliasn*. 50 



#^200 1-15826 

6 

[ 0 0 1 8 ] 4£. LvmStk LT, ME 

5M8tt7 'J -m<r>y y Hi±R8*>«#flliiiiB»fc:**i 

G'SH»U"C»J«S*iT**J:at=«lRS*ii. 
[ 0 0 1 9 3 *fc. *»HBWff* U«Kfc LT. ME 
-JgOX^-7.G{i. 0. 0 2/xmJaJ:l:i6«J:7fc» 

[0 0 2 0 3 UMt LT. ME 

-£OT/<-7.G{i. 0. 0 2//mmi0. 3/xmJ^T 

[0021] 4£. *f6BJ«Jff4 UflEKfc LT. ME 
-ScOX^-T-Gfi. 0. 02//m^LL0. 1 5^m* 

mttthx^zimxixh* 

[ 0 0 2 2 ] stfc. *»!B«jffi L^flffllt LT. ME 
!W6tt7y 2 0~5OOA*>«Hfcill5£ 

[0023] *5MB<?>if * Lv^JURt LT. ME 
HBHi7!;-J|tt. ^7 x'Jl&B (synthetic ferrima 

[ 0 0 2 4 3 4fc. LV^»«fc LT . ME 

*jttiRMiattt«4: iK^Lmfrmimmkemm 

[00253 4^:. *^Bjc7)5f j u>MRfc LT . ME 
[00263 

[ o o 2 7 3 h 1 1±. *^J!o b y*;n»»jaiawsi 

-\-/ K 1 (tlT. *fc fTMR\7 K 1 j fcUrT) <0# 

fc. msvw Ykbxf&fcT-tyy'frZtiizboxit 

v H«o I - I BnB^tgQ (^*L. fiam^v ft LT(i 

m&mxkh. 

[0 0 28 3 01~03(^$itl.ABS (ABS : Ai 
r Bearing Surface) li, ®.fm®X'$> WWSmZfk 

?&tmm#kmmizm-t& x a tzmmztimx- 
[00 29] zwmifcommiz&^x . tmr^ki 

(2 . # 1 0 3 *5 J: ^0 4 izwmiz jK$ iiT v J: ■? t^T. 



01/21/2004, EAST Version: 1.4.1 



7 

y rm 3 o i s b y*/v\*y ri3 o zmsx o t ut 

(7 y -)(c8fltf>to*#SM. L>tiZ> i. a fcffflH"* . * 

e>-xtftS<i4«fl;«*ffiJ4«iii<0JMf#*i«i) . *<o 

oWKte^-v^ifcftot^ihftJiso* 1 , me 
mmxy yma ovh >*jwvj rm 3 o t mi- &u 

1 o o 3 o ] w&fifcm^tiiwKt y y -m 2 0 

{2, H2fc*3*i4J:3fchv*A'fWiK3co--S££ 

m^2 2mm (abs»d kwni»r*#i* 

4fctf>fcH2 WD0i*^3S«tt7 U - JB2 0 <w* e 

[0031] 02*3,1:1/121 0fc*$*i&J:5£. 7n 
Vh??***^ K»2 ltt, -eo5fe«gl?2 1 a#A 
BS (Air Bearing Surface) CO— S?£tll£LTV}|>„ 

* i/c s 7 y -Ji±sau2 2 w®*-^ ( bit. *w 

(«) - (a) ft^Lmti, 7tiyr-77 

■y?XXM NS2 i<?)mj3to<n%ZLit3j:Wiv?y 
yvfXtfJ H»2 3«0fi*|6ifiSLbj: 
SirC^S. -f-LT. 7»J-Ji±S»2 20+*a*t 
Itie h y y rJS 3 0 fc A v mwn. try HS4 0 , 

y*/p^Jtil3*«»jftS*i&. 7y-jf±ggp 

2 2tt«#|tJiflB«lctt, -eft-fiv^ TX#4#S6 
1,61 tfHGEMttiJu 3K>W 7Aft4¥S6 1 , 
61tJ:->T5l»tt7y-l2 0 (»fc:7y-Jl±W» 

2 2 ) «j«srmcA-f rxfiBWEraomi. J: 3 

TVS. 

[ 0 0 3 2 ] 7 y 2 2<7>±SUCflM$ftl>9£ 

Kttty h'B4 0OifS*|6l^$Lp(i N 7DXh777 

HLfX fr^mty y -«±s» 2 2 on 

#fl*SLii9Mv&<RS&S*vC^4. tlx. 3$ 
SSttty r-'«4 OcO. 7Pyh777^X^ FSB2 1 

^wwj:9t»«*mtsft*(£5eajLfc*stD <d= 

(L P -Lf)/2) fc-tSt. dcODOffli, OSDsS 
0. 1 5/tnu »^L<{20<D^0. 15«m, J: 0 
#4L<J±, 0. 0 5,umi£D£0. 1 5jum teft£3 



(5) #IB2 001-1 5826 

8 

*. Dffifr'O. 1 5vmiMz.&b. StA 

[ 0 0 3 3 ] *»!H(CiJH-* 7 2 2 

04S^*§Lm(i. 0. 5-4^mSJg. 7Dyb7 
^y^XX^i FSP2 1C0(B^TI6]C0^$L«±. 0. 1~ 
2fJimmL. Xv973v92JH K*2 3**5f|t|* 
§Lb«, 0. 1— 3 J umg£fc£ft&. 
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tt. 0. 0 1-0. 2jum; 3£fcjff*U<tts 0. 0 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the tunnel magneto-resistive 
effect mold arm head (Magneto-Resistive tunnel Junction head) for reading the magnetic field strength 
of magnetic-recording data medium etc. as a signal. It is related with the tunnel magneto-resistive effect 
arm head which has the structure of a new ferromagnetic free layer so that it can apply to super-high 
density record especially. 
[0002] 

Pescription of the Prior Art] anisotropy magnetic reluctance (Anisotropic Magneto-Resistance: AMR) - 
- effective — it is — magnetic recording carries out reading appearance of the MR sensor based on the 
spin bulb (Spin-Valve: SV) effect, and it is well known as a transducer. MR sensor can detect change of 
the signal recorded on the record medium by resistance change of the read-out section it is changeless 
from a magnetic adjuster. Resistance rate-of-change deltaR/R of the AMR sensor is low, and is about 1 - 
3%. On the other hand, resistance rate-of-change deltaR/R of SV sensor is as high as about 2 - 7%. thus, 
SV MAG reading appearance which shows higher sensitivity ~ carrying out — an arm head - AMR 
reading appearance - carrying out — an arm head ~ replacing - very high recording density - for 
example, several gigabits [ /] read-out of the recording density of 2 (Gbits/in2) is made possible an inch. 
[0003] In recent years, new MR sensor which hid a possibility that it could respond to super-high 
density record further is capturing the spotlight. That is, in tunnel magneto-resistive effect cementation 
(it is referred to also as Magneto-Resistivetunnel Junctions :MRT J or TMR, and these are synonymous), 
it is reported that 12% or more of resistance rate-of-change deltaR/R is shown, about [ from which the 
application to the magnetic head still began although such a TMR sensor was expected as a next- 
generation sensor which replaces SV sensor ] - it is - as one of the present technical problems - a 
TMR property - the maximum student or **** - development of new head structure is mentioned. That 
is, in order for the TMR sensor itself to take the so-called CPP (Current Perpendicular to the Plane) 
geometric structure to which current is passed in the thickness direction of a cascade screen, the layout 
(design) of new head structure by which the conventional proposal is not made is demanded. 
[0004] By the way, about SV sensor whose utilization is already in prospect, it has the structure where 
two ferromagnetic layers are formed through one non-magnetic layer as indicated by U.S.P. 5, 159,513, 
for example. An austausch layer (FeMn) adjoins one more ferromagnetic layer, and is formed. Switched 
connection of the ferromagnetic layer adjoined and formed in an austausch layer and this is carried out, 
and pinning of the magnetization of a ferromagnetic layer is strongly carried out to an one direction. On 
the other hand, the magnetization in other ferromagnetic layers can answer a small external magnetic 
field, and can be freely rotated now. And when magnetization of two ferromagnetic layers changes from 
parallel to anti -parallel, resistance of a sensor increases and resistance rate-of-change deltaR/R becomes 
about 2 -7%. 

[0005] When such SV sensor structure is compared with TMR sensor structure, every time TMR sensor 
structure removes the point which transposed the non-magnetic metal layer of SV sensor structure to the 
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tunnel barrier layer which is an insulating layer, and the point of passing sense current to the 
perpendicular method at the film surface of a ferromagnetic layer, it has taken very similar structure. In 
a TMR sensor, the sense current which flows through a tunnel barrier layer is influenced by the spin 
polarization condition of two ferromagnetic layers, when magnetization of two ferromagnetic layers is 
anti-parallel, the probability of tunnel current becomes low and a high bond resistance (high junction 
resistance) is obtained. With this, on the contrary, when magnetization of two ferromagnetic layers is 
parallel, the probability of tunnel current becomes high and a low bond resistance (low junction 
resistance) is obtained. 

[0006] The conventional example which applied the TMR sensor (element) to magnetic-head structure 
is indicated by U S.P.5,729,410, U.S.P.5,898,547, U.S.P.5,898,548, U.S.P.5,901,018, etc. In these 
official reports, the technical improvement is proposed that it can respond mainly to super-high density 
record. However, the development demand of the TMR magnetic head to super-high density record will 
become more advanced, and it waits eagerly for the proposal of the highly efficient TMR magnetic head 
also compared with the former. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention is originated by the thing of such the actual 
condition, and the purpose has little decline in TMR rate of change from the first, and improvement in 
the TMR head engine performance and especially the thing to excel in corrosion resistance have a large 
head output, and are to offer a tunnel magneto-resistive effect arm head applicable to super-high density 
record. 
[0008] 

[Means for Solving the Problem] In order to solve such a technical problem, this invention It is the 
tunnel magneto-resistive effect mold arm head which has tunnel multilayers to which the laminating of a 
tunnel barrier layer, a ferromagnetic free layer formed as whose tunnel barrier layer was pinched, and 
the strong magnetic pinned layer was carried out. The free layer principal part from which said 
ferromagnetic free layer constitutes some tunnel multilayers substantially, It has in one the front flux 
guide section and the back flux guide section which are installed before and after this free layer principal 
part, respectively. Said front flux guide section A part of ABS (Air Bearing Surface) is constituted, and 
the crosswise length Lm of said free layer principal part is constituted so that it may be set up for a long 
time and may consist of the length Lf of the cross direction of the front flux guide section, and the 
crosswise length Lb of the back flux guide section. 

[0009] Moreover, it is constituted so that laminating formation of said tunnel barrier layer and strong 
magnetic pinned layer may be carried out, tunnel multilayers may be substantially formed in a part for a 
center section of said free layer principal part as a desirable mode of this invention and it may become. 
[0010] Moreover, as a desirable mode of this invention, connection formation of the bias grant means is 
carried out to crosswise both ends of said free layer principal part, respectively, and it is constituted so 
that a bias magnetic field may be impressed crosswise [ of a ferromagnetic free layer ] by the bias grant 
means concerned. 

[001 1] As a desirable mode of this invention, moreover, the crosswise length Lp of said strong magnetic 
pinned layer It is equal to the length Lf of the cross direction of the front flux guide section, or are larger 
than Lf. And it is set up smaller than the crosswise length Lm of said free layer principal part, and length 
D (D= (Lp-Lf)/2) projected too much than a crosswise edge of the front flux guide section of said strong 
magnetic pinned layer is constituted so that it may be set to 0<=D<=0. 15 micrometers. 
[0012] Moreover, as a desirable mode of this invention, the crosswise length Lp of said strong magnetic 
pinned layer is set up smaller than the crosswise length Lm of said free layer principal part, and more 
greatly than the crosswise length Lf of the front flux guide section, length D (D= (Lp-Lf)/2) projected 
too much than a crosswise edge of the front flux guide section of said strong magnetic pinned layer is 
constituted so that it may be set to 0< D<=0. 1 5 micrometers. 

[0013] Moreover, as a desirable mode of this invention, the crosswise length Lp of said strong magnetic 
pinned layer is set up smaller than the crosswise length Lm of said free layer principal part, and more 
greatly than the crosswise length Lf of the front flux guide section, length D (D= (Lp-Lf)/2) projected 
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too much than a crosswise edge of the front flux guide section of said strong magnetic pinned layer is 
constituted so that it may be set to 0.05micrometer<=<D<=0. 15micrometer. 

[0014] Moreover, as a desirable mode of this invention, depth (it is perpendicularly to ABS) length H of 

said front flux guide section is constituted so that it may be set to 0.01-0.3 micrometers. 

[0015] Moreover, as a desirable mode of this invention, said tunnel multilayers are constituted so that it 

may be joined to an electrode and an electric target of a pair by which opposite arrangement was carried 

out so that the tunnel multilayers concerned might be inserted in the direction of a laminating and may 

become. 

[0016] Moreover, as a desirable mode of this invention, an electrode of said pair is constituted so that it 
may have a configuration which can perform 4 terminal measurement of current and voltage and may 
become by four side electrode sections constituted nothing and substantially in a configuration equipped 
with a front electrode section extended crosswise [ of said tunnel multilayers ], and a side electrode 
section extended depth (it is perpendicularly to ABS) from both ends of a front electrode section, 
respectively in one, respectively. 

[0017] Moreover, as a desirable mode of this invention, opposite arrangement of the shield layer of a 
pair is carried out so that an electrode of said pair may be inserted, and the back end section of a back 
flux guide of said ferromagnetic free layer is constituted so that it may connect with one [ at least ] 
shield layer and may become. 

[0018] Moreover, as a desirable mode of this invention, a bias grant means by which connecting 
arrangement is carried out to crosswise both ends of the free layer principal part of said ferromagnetic 
free layer, respectively is constituted so that it is contacted and formed on crosswise both ends of the 
free layer principal part, or in the bottom, and the space G fixed from a crosswise edge of said strong 
magnetic pinned layer may be secured, it may be formed and it may become. 

[0019] Moreover, as a desirable mode of this invention, said fixed space G is constituted so that it may 
be set to 0.02 micrometers or more. 

[0020] Moreover, as a desirable mode of this invention, said fixed space G is constituted so that it may 
be set to 0.02 micrometers or more 0.3 micrometers or less. 

[0021] Moreover, as a desirable mode of this invention, said fixed space G is constituted so that it may 
be set to 0.02 micrometers or more less than 0.15 micrometers. 

[0022] Moreover, as a desirable mode of this invention, thickness of said ferromagnetic free layer is 
constituted so that it may be set as the range of 20-500A. 

[0023] Moreover, as a desirable mode of this invention, said ferromagnetic free layer is constituted so 
that it may be a synthetic ferry magnet (synthetic ferrimagnet). 

[0024] Moreover, as a desirable mode of this invention, said bias means does not have a high coercive 
force material, an antiferromagnetism material or an antiferromagnetism layer, and 1, and consists of 
layered products with that ferromagnetic layer how many layers. 

[0025] Moreover, it is constituted so that the laminating of the pinning layer for carrying out pinning of 
the magnetization of said strong magnetic pinned layer may be carried out to a field opposite to a side 
which touches a tunnel barrier layer of said strong magnetic pinned layer and it may become as a 
desirable mode of this invention. 
[0026] 

[Embodiment of the Invention] Hereafter, the gestalt of concrete operation of this invention is explained 
to details. 

[0027] Drawing 1 is the perspective diagram showing a suitable example of the tunnel magneto-resistive 
effect mold arm head 1 ("the TMR arm head 1" is only called hereafter) of this invention, and drawing 2 
is the plan of drawing 1 . The head structure in these drawing 1 and drawing 2 was not completely 
assembled as the magnetic head, is in the condition in the middle of an assemble, and shows the member 
especially required for explanation of this invention so that an understanding of the feature portion of the 
head structure of this invention may become easy. Drawing 3 is I-I cross-section view drawing 
(however, it is in the condition of having been completed as the magnetic head) of the magnetic head of 
drawing 2 , and drawing 4 is II-H cross-section view drawing of drawing 3 . 
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[0028] ABS (ABS:Air Bearing Surface) shown in drawing 1 - drawing 3 is a field arranged so that it 
may counter substantially with the record medium which emits the external magnetic field which is 
magnetic information, and is equivalent to a field equipped with the so-called magnetic sensitive part. 
[0029] The TMR arm head 1 is equipped with the tunnel multilayers 3 which show a spin tunnel 
magneto-resistive effect as clearly shown especially in drawing 3 and drawing 4 in the gestalt of this 
operation. That is, the tunnel multilayers 3 have the multilayers structure where the laminating of the 
tunnel barrier layer 30, the ferromagnetic free layer 20 formed as whose tunnel barrier layer 30 was 
pinched, and the strong magnetic pinned layer 40 was carried out. The ferromagnetic free layer 20 acts 
so that the external magnetic field which is magnetic information fundamentally may be answered and 
the sense of magnetization may be changed into freedom (free). Moreover, pinning of the whole of the 
magnetization direction is carried out so that a strong magnetic pinned layer 40 may turn to the fixed 
direction (in the case of drawing 4 , the direction of the magnetization by which pinning is carried out is 
the depth direction of space). Therefore, the laminating of the pinning layer 50 for usually carrying out 
pinning of the magnetization of a strong magnetic pinned layer 40, as shown in drawing 1 is carried out 
to a field opposite to the side which touches the tunnel barrier layer 30 of said strong magnetic pinned 
layer 40. 

[0030] The ferromagnetic free layer 20 used for this invention has in one the free layer principal part 22 
which constitutes some tunnel multilayers 3 substantially, and the front flux guide section 21 and the 
back flux guide section 23 which are installed, respectively before and after this free layer principal part 

22 (the ABS side before), as shown in drawing 2 , and it is making the so-called cross-joint 
configuration as a whole configuration. In order to make this gestalt more intelligible, the plan which 
took up only the ferromagnetic free layer 20 from the condition of drawing 2 is shown in drawing 10 . 
[003 1] As shown in drawing 2 and drawing 10 , as for the front flux guide section 21, the point 21a 
constitutes a part of ABS (Air Bearing Surface). And the crosswise (the direction of arrow head (alpha) - 
(alpha) is shown hereafter) length Lm of the free layer principal part 22 is set up for a long time than the 
length Lf of the cross direction of the front flux guide section 21, and the crosswise length Lb of the 
back flux guide section 23. And laminating formation of the pinning layer 50 is carried out one by one at 
said tunnel barrier layer 30 and a strong magnetic pinned layer 40, and a pan, and the tunnel multilayers 
3 are substantially formed in a part for the center section of the free layer principal part 22. Furthermore, 
in the crosswise both ends of the free layer principal part 22, connection formation of the bias grant 
means 61 and 61 is carried out, respectively, and a bias magnetic field is impressed crosswise [ of the 
ferromagnetic free layer 20 (especially free layer principal part 22) ] by the bias grant means 61 and 61 
concerned. 

[0032] The crosswise length Lp of the strong magnetic pinned layer 40 formed in the upper part of the 
free layer principal part 22 is equal to the length Lf of the cross direction of the front flux guide section 
21, or is set up smaller than the crosswise length Lm of said free layer principal part 22 more greatly 
than Lf. And if length projected too much [ crosswise ] than the both ends of the front flux guide section 
21 of a strong magnetic pinned layer 40 is set to D (D= (Lp-Lf)/2), 0<=D<=0. 1 5 micrometers of 0< 
D<=0. 1 5 micrometers of this D value will be more preferably set as 0.05 micrometer<=D 
<=0.15micrometer. If this D value is set to less than 0 micrometer, a bond resistance will increase and 
the orientation for it to become impossible to catch the signal magnetic flux which flows further 100%, 
and for a head output to decline will arise. If a D value exceeds 0.15 micrometers, since a plane-of- 
composition product will increase on the other hand to the flowing signal magnetic flux beyond 
necessity, the orientation for a magnetic field head output to decline will arise. 

[0033] In addition, the crosswise length Lb of about 0.1-2 micrometers and the back flux guide section 

23 is set [ the crosswise length Lm of the free layer principal part 22 in this invention ] to about 0. 1-3 
micrometers for the length Lf of the cross direction of about 0.5-4 micrometers and the front flux guide 
section 21. 

[0034] Furthermore, 0.01-0.3 micrometers depth (it is perpendicularly to ABS) length H [ 0.01-0.2 
micrometers ] of the front flux guide section 21 shown in drawing 1 , drawing 2 s and drawing 10 is 
preferably set as 0.01-0. 1 micrometers still more preferably. Although the more infinite one near 0 of 
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this H value is good, the danger of an electrostatic discharge (Electro- Static Discharges:ESD) arises or 
the electric short danger of the free layer 20 and pinned layer 40 in a polishing production process 
(wrapping production process) arises as it becomes small. Therefore, a lower limit is good to be referred 
to as about 0.01 micrometers. On the other hand, if this H value exceeds 0.3 micrometers, a head output 
will decline, or a crosswise bias magnetic field will become inadequate and a Barkhausen noise will 
arise. 

[0035] As shown in drawing 3 and drawing 4 , opposite arrangement is carried out and the electrode 
1 1 1,1 1 5 of a pair is electrically joined to the tunnel multilayers 3 by the upper and lower sides of the 
direction of a laminating of the tunnel multilayers 3 so that the multilayers 3 concerned may be inserted. 
Sense current is passed by the tunnel multilayers 3 with the electrode 1 1 1,1 15 of this pair. 
[0036] The electrode 111,115 of a pair is carrying out the shape of a typeface of KO in this operation 
gestalt, respectively. Namely, the front electrode sections 111a and 1 15a (are the portion shown in 
drawing 3 and drawing 4 , and it sets to drawing 2 ) extended crosswise [ of said tunnel multilayers 3 ] 
as shown in drawing 2 - drawing 4 since front electrode section 1 1 1 a is located in the tunnel multilayers 

3 bottom and front electrode section 1 15a is located in the tunnel multilayers 3 bottom on the other 
hand, it appears --****-- The configuration equipped with the side electrode sections 1 1 lb and 111b 
extended depth (it is perpendicularly to ABS) from the both ends of the front electrode sections 111a 
and 1 15a, respectively, and 1 15b and 1 15b respectively in one is made. Thus, it has the configuration 
which can perform 4 terminal measurement of current and voltage by four side electrode sections 111b 
and 1 1 lb constituted substantially, and 1 15b and 1 15b. By considering as the design which can perform 

4 terminal measurement, higher TMR rate of change is obtained and a noise can be reduced further. 
[0037] As the electrode 1 1 1,1 15 of such a pair is shown in drawing 3 and drawing 4 , opposite 
arrangement of the shield (MAG) layers 81 and 85 of a pair is carried out so that it may be covered by 
the insulating layer 101,105 of a pair and these may be covered further, respectively. And it is desirable 
to constitute so that the back end section of the back flux guide 23 of the ferromagnetic free layer 20 
mentioned above may be connected to one [ at least ] shield layer 85 and it may become ( drawing 3 ). 
The merit that the magnetosensitive effectiveness of a signal magnetic field increases and a head output 
increases by this arises. 

[0038] A bias magnetic field is impressed crosswise [ of the ferromagnetic free layer 20 ] by the bias 
grant means 61 and 61 by which the laminating was carried out to the crosswise (the direction of arrow- 
head (alpha) - (alpha): longitudinal direction of space) both ends, respectively, and connecting 
arrangement was carried out to them as said ferromagnetic free layer 20 in this invention was shown in 
drawing 3 . That is, the crosswise length Lm of the free layer principal part 22 of the ferromagnetic free 
layer 20 is set up more greatly than the crosswise length Lp of said strong magnetic pinned layer 40, and 
the free layer principal part 22 serves as a gestalt to which only the part with the length Lm longer than 
the length Lp of a strong magnetic pinned layer 40 equipped the both ends at least with the extension, 
respectively. 

[0039] The bias grant means 61, and 61 are connected at least to the extension of such both ends of the 
free layer principal part 22 in the state of a laminating. Switched connection of the portion by which the 
laminating was carried out is carried out to the extension of the free layer principal part 22, and the bias 
grant means 61 and 61 fix the magnetization direction in the direction of an arrow head (alpha). From 
the crosswise both ends of said strong magnetic pinned layer 40, the respectively fixed space G is 
secured and the bias grant means 61 and 61 are formed, respectively, as shown in drawing 1 and 
drawing 2 . 

[0040] In case such a fixed space G determines the design specification of an arm head, in order to make 
it not reduce TMR rate of change substantially, setting to a predetermined range is desirable. As for a 
concrete numeric value, it is desirable the quality of the material of head specification, for example, the 
configuration member to be used, and to set up suitably by size setup etc. If the numeric value especially 
found out experimentally as a more desirable mode is mentioned, as for said especially fixed space G, it 
will be desirable to consider as the range 0.02 micrometers or more of 0.3 micrometers or less, and the 
0.02 more micrometer or more range of less than 0.15 micrometers (for 0. 15 micrometers not to be 
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included) 0.02 micrometers or more. 

[0041] When the value of this G is set to less than 0.02 micrometers, it is in the orientation for TMR rate 
of change to fall. If this G value becomes large too much and exceeds 0.3 micrometers on the other 
hand, the orientation which the effective width of recording track spreads and stops agreeing in the 
future demand to a raise in recording density will arise. 

[0042] Moreover, although especially the thickness of said ferromagnetic free layer 20 in this invention 
is not limited, it is good preferably to set [ 20-500A / 40-3 00A ] it as the range of 60-200A more 
preferably. If this thickness becomes less than 20A, it will become difficult on membrane formation 
technology to make the length Lm of the cross direction of said free layer principal part 22 into 
sufficient magnitude. Moreover, if this thickness exceeds 500A, by dispersion in the property inside a 
ferromagnetic free layer, distribution of the rate of electronic polarization will arise and un-arranging 
[ that TMR rate of change will decrease as a result ] will arise. 

[0043] The quality of the material which constitutes the ferromagnetic free layer 20 and a strong 
magnetic pinned layer 40 has a desirable high spin polarization material so that high TMR rate of 
change may be obtained, for example, Fe, Co, nickel, FeCo, NiFe, CoZrNb, FeCoNi, etc. are used. 
These may be the layered products more than two-layer. As mentioned above, 20-500A of thickness of 
the ferromagnetic free layer 20 is preferably made into 60-200A. If there is orientation for the output at 
the time of head actuation to decline if thickness becomes thick too much and thickness becomes thin 
too much, magnetic properties will become unstable and un-arranging [ that the noise at the time of head 
actuation increases ] will arise. 10-100A of thickness of a strong magnetic pinned layer 40 is preferably 
made into 20-50A. If pinning of the magnetization by the pinning layer 50 will become weaker if 
thickness becomes thick too much, and thickness becomes thin too much, the orientation for TMR rate 
of change to decrease will arise. 

[0044] Although the pinning layer 50 which carries out pinning of the magnetization of a strong 
magnetic pinned layer 40 will not be especially limited if the pinning function is achieved, an 
antiferromagnetism material is usually used. Thickness is usually made into about 60-200A. 
[0045] Here, the ferromagnetic tunnel magneto-resistive effect is explained briefly. A ferromagnetic 
tunnel magneto-resistive effect means the phenomenon in which the tunnel current which flows a tunnel 
barrier layer depending on whenever [ ferromagnetic layer / both / 20 and angular relation / of the 
mutual magnetization between 40 ] changes, when passing current in the ferromagnetic layer 20 of the 
pair whose tunnel barrier layer 30 is pinched, and the direction of a laminating between 40. The tunnel 
barrier layer 30 in this case is a thin insulator layer, and it can pass an electron, saving spin according to 
a tunnel magneto-resistive effect. Since electronic tunnel probability becomes high when the mutual 
magnetization between both the ferromagnetism layer 20 and 40 is parallel (or when whenever [ angular 
relation / of mutual magnetization ] is small), the resistance of current which flows among both becomes 
small. Since electronic tunnel probability becomes low when the mutual magnetization between both the 
ferromagnetism layer 20 and 40 of this conversely is anti-parallel (or when whenever [ angular relation / 
of mutual magnetization ] is large), the resistance of current which flows among both becomes large. 
Detection actuation of an external magnetic field is performed using the resistance change based on 
change of whenever [ angular relation / of such magnetization ]. 

[0046] The tunnel barrier layer 30 two ferromagnetic layers' 20 and 40 pinched consists of aluminum 
203, NiO, GdO, MgO and Ta 205, Mo02 and Ti02, and W02 grade. Although it is desirable that it is 
thin as much as possible for the reduction in resistance of an element, it is too thin not much, and 
leakage current will drop off and the thickness of the tunnel barrier layer 30 is not desirable, if a pinhole 
is generated. Generally, it may be about 5-20A. 

[0047] In this invention, it is also one of the desirable modes to use the ferromagnetic free layer 20 as 
the synthetic ferry magnet (synthetic ferrimagnet) illustrated by the three-layer layered product of for 
example, a NiFe layer (20A in thickness) / Ru layer (7A in thickness) / NiFe layer (25A in thickness). In 
this case, the magnetization direction of an up-and-down NiFe layer and a NiFe layer is hard flow 
mutually, respectively. Since the thickness of an effectual free layer can be thinly set up when a 
synthetic ferry magnet is used, magnetic field sensitivity improves and there is a merit that a head output 
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becomes large. Moreover, such a synthetic ferry magnet is applicable also to said strong magnetic 
pinned layer 40. 

[0048] Moreover, in the gestalt of the above-mentioned operation, although the bias grant means 61 and 
61 are arranged at the both-ends bottom of the ferromagnetic free layer 20, they may be arranged to the 
down side, without being limited to this. 

[0049] Subsequently, the fundamental manufacture method of the magnetic head of this invention 
mentioned above is explained briefly, referring to drawing 5 - drawing 8 . Drawing 5 (A) is a cross 
section similar to drawing seen from [ of drawing 2 ] the I-I cross-section view, and drawing 5 (B) is III- 
III cross-section view drawing of drawing 5 (A). Drawing 6 (A) is a cross section similar to drawing 
seen from [ of drawing 2 ] the I-I cross-section view, and drawing 6 (B) is IV-IV cross-section view 
drawing of drawing 6 (A). Drawing 7 (A) is a cross section similar to drawing seen from [ of drawing 2 ] 
the I-I cross-section view, and drawing 7 (B) is V-V cross-section view drawing of drawing 7 (A). 
Drawing 8 (A) is a cross section similar to drawing seen from [ of drawing 2 ] the I-I cross-section view, 
and drawing 8 (B) is VI- VI cross-section view drawing of drawing 8 (A). Although the various thin film 
pattern formation technology in which the photoresist method, ion milling, lift off, the spatter forming- 
membranes method, etc. are well-known is used on the occasion of manufacture of the magnetic head, 
explanation of the individual details technique is omitted here. 

[0050] First, as shown in drawing 5 (A) and (B), the crevice pattern for predetermined electrode 
formation is formed on the shield layer 81, and an insulating layer 101 is formed after that. 
Subsequently, an electrode member is laid under the crevice pattern for predetermined electrode 
formation, and an electrode 1 1 1 is formed. 

[0051] Subsequently, as shown in drawing 6 (A) and (B), the laminating of the ferromagnetic free layer 
20, the tunnel barrier layer 30, a strong magnetic pinned layer 40, and the pinning layer 50 is carried out 
one by one. 

[0052] subsequently, as shown in drawing 7 (A) and (B), the ferromagnetic free layer 20, the tunnel 
barrier layer 30, a strong magnetic pinned layer 40, and the pinning layer 50 are fabricated in a 
predetermined configuration and a predetermined size ~ having - the crosswise both ends of the 
ferromagnetic free layer 20 - each - the BAIAISU grant means 61 and 61 are formed. 
[0053] Subsequently, as shown in drawing 8 (A) and (B), an insulating layer 109 is formed, an electrode 
1 15 is further formed on this at a predetermined pattern, and an insulating layer 105 is formed on this 
electrode 115. Furthermore, the shield layer 85 is formed on an insulating layer 105, and it results in the 
condition of drawing 3 and drawing 4 . 

[0054] After the gestalt of the magnetic head is completed like the above, a pin-annealing production 
process is performed further. That is, pinning of magnetization of the strong magnetic pinned layer 40 
by the pinning layer 50 is performed, carrying out cooling-down all over a suitable magnetic field. Bias 
grant actuation (pinning actuation as [ For example, ] the example) to the ferromagnetic free layer 20 by 
the bias grant means 61 is performed at the last. 

[0055] The modification of TMR magnetic-head 1 structure shown in drawing 1 is shown in drawing 9 
(A) and (B). Drawing 9 (A) is a drawing equivalent to the same cross section as drawing 4 , and drawing 
9 (B) is VII- VQ cross-section view drawing of drawing 9 (A). The point that the structure of the TMR 
magnetic head 2 shown in drawing 9 (A) and (B) differs from it which is shown in drawing 1 
fundamentally has the electrode-shield combination layers (commonlead and shield layer) 82 and 86 
which achieve the electrode of a****** sake, and the function of both magnetic shielding in the point 
joined electrically, respectively (electrical contact) in sense current at the tunnel multilayers 3 at the both 
sides of the direction of a laminating of said tunnel multilayers 3. By using such electrode-shield 
combination layers (common leadand shield layer) 82 and 86, it can reduce sharply and a lead gap can 
prevent the flow of uneven current in tunnel multilayers easily further. 

[0056] Such electrode-shield combination layers (common lead and shield layer) 82 and 86 consist of 
NiFe (permalloy), Sendust, CoFe, and CoFeNi. Sense current flows in the direction of a laminating of 
the tunnel multilayers 3 which the current for sense is passed by such electrode-shield combination 
layers (common lead and shield layer) 82 and 86, and are electrically joined to them by these layers 82 
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and 86. 

[0057] Such electrode-shield combination layers 82 and 86 may be formed so that the tunnel multilayers 
3 may be contacted directly, or you may make it join electrically the electrode-shield combination layer 
82 and the tunnel multilayers 3 through the gap layer 102 with nonmagnetic and conductivity, as shown 
in the gestalt of operation of drawing 9 (only in one side, the gap layer 102 intervenes). In joining 
directly, without preparing a gap layer, there is a merit that can make distance between shield-shields 
short even to a limit, and it is made as for a big contribution to high density record-ization. In joining 
indirectly through a gap layer on the other hand, there is a merit that the magnetic leakage by the side of 
an electrode-shield combination layer can be prevented much more certainly. 

[0058] Said gap layer 102 consists of Cu, aluminum, Au, Ta, Rh, Cr, In, Ir, Mg, Ru, W, Zn, or an alloy 
with these, and especially the gap layer 102 concerned achieves the function of adjustment of the 
distance between shield-shields, and adjustment of a TMR multilayers location, and the function to 
prevent that tunnel current becomes an ununiformity. Thickness of the gap layer 102 is made into about 
50-700A. In addition, the sign 106 in drawing 9 shows the insulating layer which consists of an alumina 
etc. 
[0059] 

[Example] The concrete example shown below explains further invention of the tunnel magneto- 
resistive effect mold arm head mentioned above to details. 
[0060] ((I) The example of an experiment) 

[0061] The head structure shown in drawing 1 - drawing 4 and the sample of a tunnel magneto-resistive 
effect mold arm head which has the same structure substantially were produced. Namely, the 
ferromagnetic free layer 20, the tunnel barrier layer 30 (aluminum oxide; 12A in thickness) which 
consist of a two-layer layered product of NiFe (100A in thickness), and Co (20A in thickness), The 
magnetic-head sample equipped with the tunnel multilayers 3 which consist of a pinning layer 50 
(RuRhMn; 100A in thickness) for the magnetization direction to carry out pinning of the magnetization 
of the strong magnetic pinned layer 40 (Co; 30A in thickness) by which pin immobilization was carried 
out, and the ferromagnetic layer 40 in the direction of a detection magnetic field was produced. 
[0062] The ferromagnetic free layer 20 was formed in the cross-joint configuration with which the so- 
called requirements for this invention are filled. That is, the ferromagnetic free layer 20 was made into 
the configuration which has in one the free layer principal part 22 which constitutes some tunnel 
multilayers substantially, and the front flux guide section 21 and the back flux guide section 23 which 
are installed before and after this free layer principal part 22, respectively. Of course, the front flux 
guide section 21 was formed so that a part of ABS (Air Bearing Surface) might be constituted. 
[0063] In the crosswise length Lm of the free layer principal part 22, the length Lf of the cross direction 
of 2.5 micrometers and the front flux guide section 21 set the crosswise length Lb of 0.5 micrometers 
and the back flux guide section 23 to 0.7 micrometers. The crosswise length Lp of said strong magnetic 
pinned layer 40 was set as 0.7 micrometers, and was made larger than the length Lf of the cross 
direction of the front flux guide section. Moreover, length D (D= (Lp-Lf)/2) projected in the excess from 
the front flux guide section 21 of a strong magnetic pinned layer 40 could be 0. 1 micrometers. 
Moreover, depth (it is perpendicularly to ABS) length H of the front flux guide section 21 could be 0.05 
micrometers. 

[0064] The electrode 1 1 1,1 15 for passing current to the tunnel multilayers 3 was constituted from Ta 
(300A in thickness), and constituted the magnetic-shielding layers 81 and 85 from a permalloy. 
However, in the experiment concerned, the back end of the back flux guide section 23 was not joined to 
the magnetic-shielding layers 81 and 85 (this point, the example II of a following experiment - the 
example III of an experiment were also made the same). 

[0065] On the crosswise both ends of the ferromagnetic free layer 20 (especially free layer principal part 
22), overlapping of the permanent magnets 61 and 61 which consist of CoPt as a bias grant means was 
carried out, respectively, and the bias magnetic field (for example, the direction of an arrow head 
(alpha)) was impressed crosswise [ of the ferromagnetic free layer 20 (especially free layer principal part 
22) ] with the bias grant means 61 and 61 concerned. Cementation distance of this portion by which 
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overlapping was carried out was set to 0.88 micrometers, and the space value G was set to 0.02 
micrometers. 

[0066] In addition, the gestalt of insulating layers 101,105 and 109 was made the same as the gestalt 
shown in drawing 1 - drawing 4 , and was formed from the alumina material. The sample formed with 
the above configuration was made into this invention sample 1-1. 

[0067] Moreover, the sample with such this invention sample 1-1 which made the configuration of a 
ferromagnetic free layer the rectangle was produced as a comparison sample 1-1 for the engine- 
performance comparison. That is, Lm=Lf=Lb= could be 0.5 micrometers. The crosswise length Lp of 
said strong magnetic pinned layer 40 was set as 0.7 micrometers, and was made larger than the length Lf 
of the cross direction of the front flux guide section. Moreover, in this example of a comparison, D did 
not exist but set distance from ABS to the point (side near ABS) of a strong magnetic pinned layer 40 to 
0.05 micrometers which is the same distance as Above H as a numeric value similar to H. 
[0068] The head output was measured in the following way using the TMR arm head of the above- 
mentioned this invention sample 1-1 and the comparison sample 1-1, respectively. 
[0069] (1) Measurement of a head output [0070] The head output was measured using DP circuit tester 
(Dynamic Performance Tester). 

[0071] As a result of the experiment, the output of 750 microvolts was obtained with this invention 
sample 1-1, and the output of 590 microvolts was obtained with the comparison sample 1-1. Incidentally, 
the output of this invention sample 1-1 was that [ about 1.27 times ] of the comparison sample 1-1. 
[0072] (Example II of an experiment) 

[0073] In this invention sample 1-1 produced in the above-mentioned example I of an experiment, the 
sample which changed the crosswise length Lp of a strong magnetic pinned layer 40, and changed 
various length D (D= (Lp-Lf)/2) projected in the excess from the front flux guide section 21 of a strong 
magnetic pinned layer 40 was produced, and the effect a D value affects a magnetic-head output was 
checked experimentally. 

[0074] The result was shown in the following table 1 . In addition, in addition to the above-mentioned (1) 
head output, in a table 1, the (2) resistance R measured in the following way and (3) S/N ratios were also 
written together as evaluation criteria. 
[0075] (2) Resistance R (omega) 

[0076] From resistance (HGA resistance) of the whole arm head, resistance was deducted for the 
resistance for an electrode material, and a bond resistance, and resistance of a TMR joint (multilayers 3) 
was estimated. 
[0077] (3) S/N ratio (dB) 

[0078] Signal to Noise ratio (S/N ratio) was calculated by the usual method using DP circuit tester. 
Usually, if 25dB or more is desirable and turns into less than 20dB, a problem will produce this value on 
head actuation. 
[0079] 
[A table 1] 



No. 


D 
(nm) 


Vl/ YM<r>± 


R 

(O) 


KM* 
(/iV) 


S/N 
WB) 


1-1 


0.10 


0.5X0.7 


119 


750 


33 


III 


•0.15 


0.5X0.2 


417.5 


490 


16 


II-2 


-0.10 


0.5X0.3 


278 


600 


20 


n-3 


0.05 


0.5X0.4 


209 


640 


24 


II-4 


0 


0.5X0.5 


167 


700 


30 


n-s 


0.05 


0.5X0.6 


137 


730 


32 


n-6 


0.15 


0.5X0.8 


105 


710 


30 


11-7 


0.20 


0.5XO.9 


62 


600 


19 
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[0080] It turns out that 0<=D<=0.15 micrometers of 0< D<=0.15 micrometers of suitable D values from 
which the output of predetermined level is obtained and a big S/N ratio is obtained from the result of the 
above-mentioned table 1 are 0.05 micrometer<=D <=0.15micrometer more preferably. 
[0081] (Example III of an experiment) 

[0082] In this invention sample 1-1 produced in the above-mentioned example I of an experiment, the 
sample which changed various depth (it is perpendicularly to ABS) length H of the front flux guide 
section 21 was produced, and the effect the value of H affects a magnetic-head output was checked 
experimentally. 

[0083] The result was shown in the following table 2. In addition, in addition to the above-mentioned (1) 
head output, in a table 2, (4) Barkhausen noises measured in the following way were also written 
together as evaluation criteria. 

[0084] (4) Barkhausen noise [0085] The evaluation method of the so-called MR head and a GMR head 

and the same method estimated the Barkhausen noise. The level which does not interfere practically was 

displayed by "O" and the level which poses a problem practically was displayed by "x." 

[0086] 

[A table 2] 
m 2 



No. 


H 

(/im) 


GiV) 




1-1 


0.05 


750 


0 


III-l 


O 


520 


o 


in-2 


0.O1 


610 


0 


m-3 


0.1O 


710 


0 


III-4 


0.15 


690 


0 




0.20 


660 


0 


ni-6 


0.25 


630 


0 


ni-7 


0.30 


600 


o 


m-8 


0.35 


550 


X 


III-9 


0.4 


500 


X 


m-io 


0.5 


300 


X 



[0087] It turns out that it is more desirable than the result of the above-mentioned table 2 to set depth 
(for it to be perpendicularly to ABS) length H of said front flux guide section as the range of 0.01-0.3 
micrometers in order to prevent generating of a Barkhausen noise effectively and to obtain a big head 
output. 

[0088] (Example IV of an experiment) 

[0089] In each sample produced in the above-mentioned example III of an experiment, the back end of 
the back flux guide section 23 was joined to the magnetic-shielding layer 85 ( drawing 3 ). Except it, 
each sample of the example IV of an experiment was produced like the above-mentioned example III of 
an experiment, and the experiment which investigates the effect on a head output was conducted. 
[0090] The result was shown in the following table 3. In addition, the head output value indicated in the 
parenthesis in a table 3 is data of the table 2 mentioned by reference. 
[0091] 
[A table 3] 
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S 3 



No. 


H 

(jum) 






M 


0.05 


830 (750) 


O 


IV-1 


0 


560 (520) 


o 


IV-2 


0.01 


640 (610) 


o 


IV-3 


0.10 


810 (710) 


0 


rv-4 


0.15 


780 (690) 


o 


rv-5 


0.20 


760 (660) 


o 


IV-6 


0.26 


710 (630) 


o 


IV-7 


0 30 


670 (600) 


o 


rv^ 


0.35 


580 (550) 


X 


IV-9 


0.4 


520 (600) 


x 


IV- 10 


0.5 


330 (300) 


X 



[0092] The result of the above-mentioned table 3 shows that improvement in an output is achieved 
further, when the back end of the back flux guide section 23 is joined to the magnetic-shielding layer 85. 

[0093] ((V) The example of an experiment) 

[0094] In this invention sample produced in the above-mentioned example I of an experiment, it 
changed into the type ( drawing 9 ) which used the electrode also [ layer / shield ], and asked for the 
head output. Consequently, the head output has checked the equivalent and same effect. 
[0095] 

[Effect of the Invention] It is a book from the above-mentioned result. Namely, this invention is a tunnel 
magneto-resistive effect mold arm head which has the tunnel multilayers to which the laminating of a 
tunnel barrier layer, the ferromagnetic free layer formed as whose tunnel barrier layer was pinched, and 
the strong magnetic pinned layer was carried out. The free layer principal part from which said 
ferromagnetic free layer constitutes some tunnel multilayers substantially, It has in one the front flux 
guide section and the back flux guide section which are installed before and after this free layer principal 
part, respectively. Said front flux guide section A part of ABS (Air Bearing Surface) is constituted. The 
crosswise length Lm of said free layer principal part Since it is set up for a long time than the length Lf 
of the cross direction of the front flux guide section, and the crosswise length Lb of the back flux guide 
section The extremely excellent effect that there is little decline in TMR rate of change, and a head 
output can apply to super-high density record greatly from the first discovers improvement in the TMR 
head engine performance, and especially the thing to excel in corrosion resistance. 



[Translation done.] 
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